Abstract: Sixty-eight species of algae were found on granite outcrops of a canyon of the Teteriv River in the forest zone of Ukraine (Cyanoprokaryota 1 species, Chlorophyta 49, Streptophyta 11, Xanthophyta 2, Eustigmatophyta 1, Bacillariophyta 4). Two of these are new records for the flora of . The species composition of algae of this granite canyon was characterized by the following specific features: a high diversity of green algae (mainly trebouxiophycean and streptophycean algae); a considerable species diversity and abundance of green conjugating algae among the mentioned streptophycean algae; a low species diversity of cyanoprokaryotes, as well as the presence of the genera Mesotaenium Nägeli and Trentepohlia Martius in the dominating complex. Two slopes of the canyon with different expositions and plant cover were characterized by different proportions of epilithic and chasmoendolithic groups of algae as well as different dominating complexes. The species composition of algae from granite canyon of forest zone was the most similar to the more humid and shaded habitats of a granite canyon of steppe zone of Ukraine studied previously.
Introduction
Canyon biota has always attracted the attention of scientists. The slopes of canyons, despite their close proximity and a common geological origin, can harbour contrasting habitats owing to various factors. Algae inhabiting canyon slopes have only been thoroughly investigated in the "Evolution canyon" (Mount Carmel National Park, N. Israel) which is composed mainly of Cenomanian chalks and limestone (Nevo 1994; Vinogradova et al. 1995a, b; Wasser et al. 1995 Wasser et al. , 1996 Mikhailyuk et al. 2001 ). The species composition and distribution of algae in a canyon situated in the steppe zone of Ukraine (Mykolaiv oblast, GraniteSteppe Pobuzhzhya Regional Landscape Park), composed of crystalline rocks of magmatic origin (granite) were studied by Mikhailyuk et al. (2003a Mikhailyuk et al. ( , b, c, 2005 and . Granites are generally unfavourable for the colonization of photosynthetic organisms since they are the most dense and dark rocks characterized by minimal moisture capacity. In addition to the works mentioned above, data on algae from granite outcrops can also be found in Jaag (1945) , Ettl & Gärtner (1995) , Ihda et al. (1996) , Rifon-Lastra & Noguerol-Seoane (2001) , Darienko & Hoffmann (2003) and Vinogradova et al. (2004) .
The aim of the present study was to investigate the species composition and distribution of algae on opposite slopes of a granite canyon of the Teteriv River situated in the forest zone of Ukraine (Zhytomyr oblast), and to assess the regional and local peculiarities of the algal flora.
Material and methods
The object of our investigation was a canyon formed by the banks of Teteriv River in the vicinity of the town Zhytomyr (Zhytomyr oblast, Ukraine). The outcrops of this region are mesogranular zhytomyr grey granite which belongs to the north-western part of the Ukrainian Crystalline Shield. The mineralogical composition of these rocks includes, amongs others, quartz, orthoclase and microcline; the chemical composition includes oxides of silicon, aluminium and iron (Bondarchuk 1959; Scherbakov & et al. 1984) . The plant cover of these outcrops includes a zonal vegetation of hornbeamoak and oak-pine forests and xerophytic grassy and fruticulose species of higher plants that are characteristic for rocky outcrops. Several rare higher plants have been found in the rocky vegetation of the forest zone, such as relict species of the fern genera Woodsia R. Br. and Asplenium L. (Osychnyuk 1973; Kontar 2000) . The river banks of the investigated region have rocky outcrops that form a canyon. The top of the left bank (a geological nature monument known South-facing slope 3 6 6 4 6 6 SW 5 6 6 6 6 6 7 6 6 NW, illuminated 8 6 6
North-facing slope 9 6 6 10 6 6 NW, shaded 11 6 6 12 6 6
as "Chatskiy's Head") is a petrophytic steppe with granite boulders. The right bank (another geological monument named "Four Brothers") is hornbeam-linden forest covered with prominent granite cliffs. Six sampling sites were selected on each slope of the canyon. Three sites of SW exposition and three sites of SE exposition were selected on the left south-facing bank of the river. Six sites with NW exposition were selected on the right north-facing bank of which 3 were situated on rocks shaded by a dense plant cover, and the other 3 sites were under light forest-illuminated rocks. Each sampling site corresponded to a vertical granite rock size of 1 m 2 . Twelve samples of algae were collected at each site: 6 from the surface of rocks (epilithic algal communities) and 6 from microcracks 5-15 mm deep (chasmoendolithic algal communities). In total, 144 algal samples were collected and investigated. The scheme of sampling and numbers of samples are presented in Table 1 and Fig. 1 .
The samples were collected and placed on agar plates in field conditions directly from granite rocks according to an original method described previously (Mikhailyuk et al. 2003a) . One drop of sterile distilled water was placed on a point of rock surface or in a granite crack. After that the rock surface was carefully scraped by a sterile needle within the water drop. The drop of water with the algal cells (as well as dust particles from the rocks etc.) was collected by a sterile pipette and placed on solidified agar medium in a Petri dish which was hermetically closed and transported to the laboratory for further cultivation. Visible macroscopic algal growths (biofilms) were collected additionally (together with the substrate), placed in sterile packets and studied by direct microscopy. Material was cultivated at standard laboratory conditions under 12:12 h light/dark cycle at 3000 lx provided by 40W cool fluorescent tubes using 1N and 3N Bold Basal Medium (Bischoff & Bold 1963) . Cultures were investigated under a Mikmed 2 var. 2 ("LOMO", Russia) light microscope (objectives 20×, 40×, 90×) and a MBS-1 stereomicroscope ("LOMO", Russia).
The frequency of algal species was calculated according to the following formula: a/b×100%, where a is the number of specimens that contained this species, and b is the total number of specimens studied. Dominant species of the macroscopic algal growths were studied by direct microscopy and estimated using the Starmach scale (Wasser et al. 1989) . Floristic lists were compared using cluster analysis on the basis of the Sørensen index (Shmidt 1980) carried out with the "Graph" software package (Novakovskiy 2004). The algal classification system used in this paper is described in "Algae of soils of Ukraine" (Kostikov et al. 2001 ) and "Algae of Ukraine" (Tsarenko et al. 2006 ) with some additions (Tsarenko 2005; Ettl & Gärtner 1995; Andreeva 1998) . The system of Cyanoprokaryotes was adopted from Komárek & Anagnostidis (1998; 2005) , and that of diatoms from Round et al. (1990) .
Results
Sixty-eight species of algae were found as the result of our investigation representing Cyanoprokaryota, Chlorophyta, Streptophyta, Xanthophyta, Eustigmatophyta, and Bacillariophyta (see Table 2 ). Among these, two species were new records for the flora of Ukraine [Spirotaenia bryophila (Brébisson) Lütkemüller and Coelastrella multistriata (Trenkwalder) Kalina et Punčochářová], and several taxa were rare and interesting species [Stichococcus mirabilis Lagerheim, Dictyochloropsis splendida Geitler, D. reticulata (Tschermak-Woess) Tschermak-Woess, Mesotaenium macrococcum (Kützing) Roy et Bisset, M. chlamydosporum De Bary, Klebsormidium cf. bilatum Lokhorst] (Fig. 2) .
The two slopes of the canyon, despite differences in exposition and higher vegetation cover, had similar taxonomic spectra of the algal flora on granite outcrops (Table 2) . Green algae were the most diverse on outcrops of both slopes. Representatives of the Trebouxiophyceae were the main component (more then 70%). It should be mentioned that streptophycean algae were found in quantities on the south-facing outcrops that were double of those found on the north-facing slope. Streptophycean algae on north-facing outcrops belonged only to the Klebsormidiophyceae, whereas in south-facing habitats they were represented by species of the Klebsormidiophyceae as well as conjugating green algae.
The surfaces and cracks of the outcrops of the two slopes of the canyon were colonized to a different extent (Fig. 3) . On the south-facing slope of canyon algae formed macroscopic growths mainly in cracks of granite because of the high intensity of illumination and dry conditions of the habitats. The rock surfaces had a considerable lichen cover (about 70-90%) but algae were rare. Site 1 was the only exception; it was noted by algal crusts on the rock surface formed by Klebsormidium mucosum and Mesotaenium chlamydosporum. These crusts had developed on a thin humic coat of material washed off from overlying parts of slope. The outcrops on the north-facing slope were shaded considerably by tree crowns and were moistened by small brooks trickling from granite outcrops. Lichen cover of these outcrops was scanty (about 10-30%), while moss cover was often extensive (to 50-70%). Algae also formed a dense macroscopic growth on the rock surface (Fig. 3) . The cracks were also rich in algae on this slope of the canyon.
The dominating complexes of algae on granite outcrops of the two canyon slopes were considerably different (Table 3) . Species of Elliptochloris Tschermak-Woess, Klebsormidium Silva et al., Mesotaenium chlamydosporum, Interfilum terricola, and Interfilum sp. were the dominant taxa of macroscopic growth, forming a chasmoendolithic community in granite cracks on the south-facing slope. However, some Table 1. of these species also formed macroscopic growths on the granite surface of site 1. Desmococcus olivaceus, Trentepohlia sp., Apatococcus lobatus, Klebsormidium cf. bilatum, Myrmecia bisecta, Chlorella ellipsoidea, Stichococcus bacillaris and others were the dominating complex of algae of outcrops from north-facing slope. These species are more characteristic for shaded and humid habitats. These species developed both in chasmoendolithic and epilithic communities of north-facing slope.
A comparison of the species composition at the investigated sites using the Sørensen index revealed the presence of a distinct and characteristic algal flora on the outcrops of the south-facing slope (Fig. 4) . All south-facing sites, except the most specific site 1, formed a separate cluster on the level 43%. Northfacing sites were divided into two clusters. One of them united the sites that were situated under light forest and were characterized by intense illumination (sites 7-9); Trentepohlia sp. was the main dominant there. Another cluster united the sites situated under plant cover with closed tree crowns that created shaded conditions (sites 10-12); here Desmococcus olivaceus and representatives of the genus Klebsormidium dominated.
Discussion
Green algae dominated the algal flora of the investigated granite outcrops at the canyon. Among them, representatives of Trebouxiophyceae played a major role. Such a phenomenon is characteristic for algal floras of terrestrial habitats in temperate zones (Hoffmann 1989; Nienow 1996) in contrast to mountain and tropical regions where cyanoprokaryotes play a main role (Jaag 1945; Friedmann et al. 1967; Friedmann & Ocampo-Friedmann 1984; Büdel & Wessels 1991) .
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To identify the specific features of the algal flora of the granite outcrops of the forest zone, a comparison with data on the algal flora of a granite canyon of the Pivdennyi Bug River in the steppe zone of Ukraine (Granite-Steppe Pobuzhzhya Regional Landscape Park, Mykolaiv oblast; Mikhailyuk et al. 2003a -c, 2005 was carried out. It should be mentioned that these data are comparable because both canyons were studied by us using the same methods. The taxonomic spectra of the algal floras of both canyons are presented in Fig. 5 . As can be seen from the spectra, the green algae dominated in both floras. However, the algal flora from the granite outcrops of the steppe zone included a relatively high number of cyanoprokaryotes (about 22% of the species composition). But only one widely distributed species of cyanoprokaryotes, i.e. Phormidium autumnale (C. Agardh) Gomont was recorded from granite outcrops in the forest zone. This was also observed during earlier investigations of soil algae of both zones: a strong presence of cyanoprokaryotes in soils of the steppe zone and an almost complete absence in forest soils presumably due to the unfavourable pH and ion composition of forest soil (Demchenko 1998; Kostikov et al. 2001) .
A considerable diversity of streptophycean algae (about 16%) was observed in the algal flora of granite outcrops of the forest canyon, which contrasted with a diversity of streptophytes at the steppe canyon of only 6%. Representatives of the Klebsormidiophyceae formed the main component of the streptophycean algae distributed on the investigated granite outcrops. These algae are known to prefer humid habitats; hence they had a higher diversity and a wider distribution in the forest zone. Another group of streptophytes, i.e. conjugating green algae of the genera Mesotaenium Nägeli, Cylindrocystis Meneghini, and Spirotaenia Brébisson, was well established on the granites of the forest canyon. The same phenomenon has frequently been observed in forest soil phytocoenoses (Demchenko 1998; Romanenko 1998) .
The dominant species complexes of the forest and steppe canyon floras share certain distinctive features. Common features are the frequent occurrence and high abundance of representatives of the genera Elliptochloris, Chlorella Beijerinck, Desmococcus Brand em. Vischer, Apatococcus Brand em. Geitler, Interfilum Chodat et Topali, Klebsormidium, Stichococcus Nägeli, and Pseudococcomyxa Korshikov. The genus Elliptochloris has been associated with soils of mountain regions (Tschermak-Woess 1980; Romanenko 1998) . However repeated findings of this alga in lithophilic habitats of plain zone (Mikhailyuk et al. 2003a, b; Darienko & Hoffmann 2003; illustrate that the representatives of the genus Elliptochloris perhaps have a lithophilic preference. Their presence in mountain soils may be explained by saturation of soil by fragments of rocks as well as by proximity of outcrops that are colonized by these algae. Species of Elliptochloris were the main dominants (sometimes they were the only representatives) of macroscopically growing algae in granite cracks of investigated canyons of steppe and forest zones. They were particularly abundant in granite cracks of intensively illuminated dry slopes where they occurred on granite surface only rarely. But despite a close ecological preference of these species of Elliptochloris, the genus Elliptochloris is paraphyletic according the most recent data (Eliáš et al. 2008) . Three known species of Elliptochloris belong to different lineages within the Trebouxiophyceae (Chlorophyta).
Representatives of the genera Desmococcus and Apatococcus are typical aerophytes with a preference for granite surfaces in the most shaded and humid habitats. They occurred more often and formed a more extensive macroscopic growth on granites of forest zone than on steppe rocks. The same situation was also observed for the other widely distributed genera of terrestrial algae, i.e. Interfilum, Klebsormidium, Stichococcus, Pseudococcomyxa, which showed the highest abundance and diversity on outcrops of the north-facing slope of the forest canyon.
The main distinctive feature of the dominanting complex of algae on granite outcrops of the steppe zone was a considerable diversity and abundance of cyanoprokaryotes, notably members of the genera Cyanosarcina Kováčik, Chlorogloea Wille, Gloeocapsa Kützing, Chondrocystis Lemmerman, Aphanothece Nägeli, and Chroococcidiopsis Geitler, forming extensive macroscopic growth in granite cracks of strongly illuminated moist rocks of the canyon. These representatives were absent on the outcrops of the forest zone. The dominant complex of algae of the forest canyon was supplemented by species of the genera Trentepohlia Martius, Dictyochloropsis Geitler em. Tschermak-Woess and Mesotaenium. The first two representatives preferred humid conditions, especially trentepohlian algae which are known to be most widespread in mountains, near sea coasts and in humid tropical regions (John 1988; Hoffmann 1989; Nienow 1996) . Representatives of Mesotaenium occurred mainly on south-facing outcrops of the forest canyon where it formed dense dark crusts on rock surfaces. It is known that several representatives of this genus occur in dry strongly illuminated aerophytic habitats and have developed appropriate protective mechanisms to survive there, i.e. dense layered mucilaginous envelopes and dark violet cytoplasm (Palamar-Mordvyntseva 1984) .
A comparison of the algal species diversity from different sites in granite canyons in the forest and steppe zones using the Sørensen index failed to reveal canyonspecific clusters (Fig. 6) . Instead, sites at the steppe canyon were united by virtue of their location in the canyon, i.e. left bank (west-facing slope), right bank (east-facing slope) and the island situated between them. The algal diversity of north-facing outcrops in the forest zone canyon was closest to the most humid habitats of the steppe zone canyon, i.e. the sites of the left bank. The island outcrops of the steppe canyon, was linked with sites of the humid left bank and the arid right bank, joined to the first cluster. The species composition of the south-facing slope of the forest canyon joined to this common cluster at the 30% level. The algal flora of outcrops of arid right bank of the steppe canyon is the most unique.
The species composition and distribution of algae on the slopes of a canyon consisting of chalk and limestone (Mount Carmel National Park, Israel) was very different (Vinogradova et al. 1995 a) . Cyanoprokaryotes were the most dominant algae in this canyon, representing more than 80% of all species and they also formed algal coenoses on rocks. These differences may be explained in the first place by the different climatic conditions, and secondly by the different types of substrates in these canyons (Hoffmann 1989; Nienow 1996) . Of the eukaryotic algae, only widely distributed ubiquitous species of the genera Desmococcus, Klebsormidium, Chlorella were present on the outcrops of the Israel canyon. As in the Ukrainian forest canyon, opposite slopes had different species compositions and different dominant species complexes.
In conclusion, the algal species composition of the granite canyon in the forest zone of Ukraine is characterized by a high diversity of chlorophytes (mainly Trebouxiophyceae) and streptophytes (including a high diversity and abundance of conjugating green algae) and a low diversity of cyanoprokaryotes, as well as specific features of the dominant species complex, i.e. the presence of genera Mesotaenium and Trentepohlia. The two slopes of the canyon with different expositions and plant cover are characterized by different proportions of epilithic and chasmoendolithic groups of algae and different dominant complexes. The species diversity at this granite canyon in the forest zone of Ukraine is most similar to the most humid and shaded habitats of the granite canyon in the steppe zone.
